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Cost Category

Esti ted Cost
{$5miT?iuns}?ﬁ-§}

Disposal of Radioactive Materials
Neutron-Activated Materials
Contaminated Haterfg}s
Radicactive Wastes

2.300
4.909
1.469

Percenfc?f

Total

Total Disposal Costs B.6/8 24.9
Staff Labor 17.561 50.4
Emnerqgy 3.519 10.1
Special Tools and Equipment 2.016 5.8
Miscel laneous Supp11e? 1.859 5.3
Specialty Contractors(e) 0.356 1.0
Muclear Insurance 0.800 2.3
License Fees 0.051 0.1
Subtotal 34.840 100.0
Contingency (25%) 8.710
Total, Immediate Dismantlement Costs 43.550
Other Possible Costs
Spent Fuel Shipment 3.788(f)
Facility Demolition and Site Restoration 13.244
Deep Geologic Disposal of Highly Activa- (q)
ted Materials 0.848\9
Fuel Channel Disposal 0.617(h)
Subtotal 18.497
Contingency (25%) 4.624
Total, Other Possible Costs 23.121

( H.D. Oak, G. M. Holter, W. E. Kennedy, NUREG/CR~0672 Technolojgy, Safety and Costs of Decommissioning a
Reference Boiling Water Reactor Power Station 1979)



Vermont Yankee_ Nuclear Power Station

NW o7 D)AK & (thousands of $2006)
Facilities Decontamination 10,039
Dismantle Removal 80,287
|"'Waste Packaging 11,981
J| Waste Transportation 13,075
Waste Disposal 70,476
L Off-site Waste Processing 33,761
eeeééeceeeéceeceéeeceeéeeceeéeecee.
Program Management 312,639
Corporate A&G 19,414,
ISFSI Related 127,934
Insurance and Regulatory Fees 24,906
Energy 5,933
Characterization and Surveys 11,138
Miscellaneous Equipment 6,564
License Termination 468,844
Spent Fuel Management 219,249
Site Restoration 40,053
Total 728,146

(TLG Services, Inc. ,Vermont Yankee Nuclear Power Station ,Decommissioning Cost Analysis for 'the
Vermont Yankee Nuclear Power Station, January 2007)



0 1097 9b3w nKk ot 4729
E 7673 111709bAAY 1 4,150.38
/ Ve
A S
5 H 2 H(fSr) F 77k (%)

BRI 1,014.29 21.4
B AR 549.38 11.6
ERRARE 291.97 6.2
(B e L 8 7 2 (1) 381.46 8.1
R R E. 1,178.30 24.9
BT 7 13.60 03
St 77 (o] et 307.22 65
L 159.96 3.4

HRE(E2) 215.68 4.6
A R) 616.78 13.0
4 4,728.64 100
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1. IAEA'OA R "Ou High levelwaste (_ HLJW'OA | =

(WASTE CLASSIFICATION OF RADIOACTIVE) N e W A U £ QHQ X €

E'OAR” “A QY1

Q 3 !
£ Intermedlate Ievel waste ( yg ‘O
~108i1 109 3\ : -4
Ba/g ‘ . W B € "’A ae . Ja
@ Low level waste ( LLW. 0
m © f'ol;iﬁi(T zZXX A A E QN
2 it A QL _Q
vii MT A € € avYuoy
400 Bq/g (alpha) ALY . I.].I Il' M L
LLW Very ow Ievel waste ( VLLW a
s gL : a' A ] E' T n
100 . BRK A é . Y, 'l |
ax1Ad & ‘M
' LLW - ‘ !
| wrmnimeis | VETY short lived waste (— VSLW”
Clearance L i , - A Y Kw
levels
EW TAX 11 2 ” - L
a M A Q %
~100 days ~3() years e Exemp}iv-vraste (EW)gV a- g;gl-:l
oA DRE L G RGY BRR
(Ref. IAEA General Safety Guide No.1 HEFR A2 A B 0 y

CLASSIFICATION OF RADIOACTIVE WASTE)




Exempt waste (EWW 9 a Q

) NOANABPEF NE MEZ
(clearance) HW L 'OA R Q !
€ K 9 aTtm (clearanceandrelease) unt
A O ¢ o YKsOO y) X JUA ] € "Ow
Wt | g2 n)
, QNS 1K 0B a oy zi%
WwyimhXXYaADN] X 0T K nAd Y 0
T V 41 (IAEA RSG-1,7Y Application of the Concepts of

Exclusion, Exemption and Clearance ) & (IAEA SRSWoH4DERIVATION
OF ACTIVITY CONCENTRATION VALUES FOR EXCLUSION, EANMPTION

CLEARANCH) 'y 9 & ) EA n @] €. A
PX 0 Wn%damawEiszsA NA Y uA
IAEAAO |

( Waste Management & Decommissioning Working Group ,World Nuclear Association(WWNA)
, Methodology to Manage Material and Waste from Nuclear Decommissioning February 2019



® 15 EUQNA (exclusion) € 9 a (exemption)
) <11 (Balg)
Radionuchde Concentration Radionuchde Concentration
H-3 10WD Sc-48 1
Be-7 10 V-48 1
C-14 1 Cr-531 100
F-18 10 Mn-51 10
MNa-22 0.1 Mn-52 1
Na-24 1 Mn-32m 10
51-31 1 OO0 Mn-53 10D
P-32 1 (W0 Mn-54 0.1
P-33 1 (WD Mn-56 10
5-35 10D Fe-532 10
Cl-36 1 Fe-35 1 (00
Cl-3 10 Fe-39 1
ko-42 10D Co-55 10
k-43 10 Co-56 0.1
Ca-45 1M Co-57 1
Ca-47 10 Co-58 1
Sc-46 0.1 Co-58m 1O OO0
Sc-47 1M Cio-60) 0.1
a: Indicates a half-life of less than 1 d. ®d3BAay

(IAEA SAFETY REPORTS SERIES No. 44 , DERIVATION OF ACTIVITY CONCENTRATION VALUES FOR EXCLUSION,
EXEMPTION AND CLEARANCE ,2005)




2.1 A (WENMAA ~  IAEA documents (requirements,

guidance)
n - _A Y WENRAT € ¥ YO x° A © N
A Weé IwWwyd o) )
WENRA© ~ Tauw 7 mMGAY w 9 4o gA 2Y
ut o0° 1] W§ 3¢ é € I A | £
24D usnu Y WENRADUDZMLW §ju A W
(RHWGF  Q  n LW (WGWP)
WGWD | ALUWDQEDOAR Q 5 A

RHWG wé [AEA daouments (requirements, gmdanme; etc
MA AYt u || W g & Mk (SRLY
IR A AR E AR A AN AR AN AR E AN AN AN E AR AN NN R AN NN NN

180 W
mo1 §y' F20y 2Q&é yY yA y y _6°2y €2y
q oy v ey 2332 Qé y enelyn Oy
zy By = &
2T D
F{ €E&o $
12 v }
Orely "~ 2y6. y yO y ywAy
vi Ny A § Uén

( Report of the Working Group on Waste and Decommissioning (WGWD) April 2018
Report Radioactive Waste Treatment and Conditioning Safety Reference Levels))
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Poliiical decision making.

Developement of safety standards

Supports Euratom

Developement of guidelines.

Institution of the EU.

©-
ENSREG

Gives recommendations

embers of [mplementation In national law
heEU S L

(Dr. J. Shang

WENRA W=V i1

A 18

i NA A

R AT
(u A LW
& Q N LW

(RHWG)

(WGWD

EURATOM— w T A
YT 0

X~ - Qf
ENSREG 0
r

g
"H

, Waste management during decommissioning of nuclear facilities in
regulations and technology of waste management and disposal in Germany ,3 28

GermanySeminar on
2018 Taipei, A




3.1 (US) 10 CFR G61.55 Waste classification

Q0A 1 Q 2360 1MHWA RadionuclideTable - Concentration
_ OA 1 Yu vV TG C_b curies percubic meter
. Q =N 1M 1A 01NMNY|[Cc14 8
"0 G14-94 in activated metal 0.2
. , ~/ Qot A-—J" Tc99in activated metal 80
@ . Q = wIMAT01 M Y Ni-59 in activated metal 220
QQt C | [Nb 3
, ~ g 1-129 0.08
(i . Q - f‘) 1Y_C: I'I a A Alpha emittingtransuranicnuclides with haltlife
"QQ ° 1 'Q L | greater than 5 years 100
¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢ Ay 3500
"y Cm242 20,000
Q C;AN i A ?Ql’l bYZ ® 1H& 2 (Units are nanocuriesper gram.)
WR AJu
0. Q =N 1 w(Col) MAT Y Radionucli-lc;(’t::)bIe = Concentration
i) 9 1 (E(ZZQI;L—LY jll_'\ n curies per cubic meter
! _ o w(Co Col. 1 Col. 2 Col. 3
ow Y "0"0+ B Total of all nuclides with less than 5 year
i)y . Q - swyTn | pee O O
3wy "QQtL C | || Co-60 700 (1) (1)
. ; v "~ Ni-63 3.5 70 700
v) . Q = 3wy Q79 Ni-63 in 35 700 7000
n atad & L activated metal
Q Qt C ( GTCgL|| Sr-90 0.04 150 7000
Cs-137 1 44 4600
A O 2% caln 2 R(EW) iz | (1) There are no limits established for

these radionuclides in Class B or C wastes.
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1) OAf Q.- W Na I NH
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2)a "OA i Q.. O QUWTAHXONR _
QL 9 OA A QV'Hz ON R b = =Y
O3 gut Ay B Q 8CGTCC)x Y~un
% Q Y oo n cn
a ONff QVZOA R~ -n & 1t
Cy Qbre ONf  QHz" =0 0Yzy _ OC <1
NMxuNCNuyecOYzy @Y CpPrN =17
yy "Qcb @ OA "Q'Hz ~ - 0 _®) CpPN -
Toyo OYzy JIPpMN =17}
ty” Qb @ OA 1 "Q'Hz ~ e U ®OC =1xuN
CUoya 0Yzy ®OCMN <17 ] H 0 &3
3PN =Toya 0Yzy tpPMN =17}
X Y Qb o OA 1 "Q"Hz ~ s 0 _OCN 17
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http://www.6law.idv.tw/6law/law2/����G��@�u�b�ƴ�
http://www.6law.idv.tw/6law/law2/����G��@�u�b�ƴ�
http://www.6law.idv.tw/6law/law2/����G��@�u�b�ƴ�

OCdb ¢ 3 =
T3 =" :10? Bg/ni

“C [ 57307 0.30
oo BY / 57307 3.0
Ni¥vo sy/ 57307 @ 81

N ro ey/ 75007  0.0074
*Tc [ 214,000 7 0.11

4 [ 1,600,000 T 0.0030
%R/’qt{g oy €OSTN 3 37 yagy
“Py | 240567 | 130 kBalg
“Cm | 1637 740 kBalg

L

O3y ¢ 3 =
| »7Y 02 Bylnly
3 Cp L1 tp
130 K0 5TMH
R 2 ¢ ¢
H 1123y 15 ¢ ¢
Co/ 527y 2 ¢ ¢
"Ni /100 y 043 26 26
MNi(bo 8) 13 2 260
S B8y 00015 b 260
sl 303 y 0,037 16 170
W W e
TMa) X Py ,
oYy ' ﬁY71a I
n - 10A@sZ" fi& 79
T '\ A
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F—— & T 1, & T ., <
N A > B < e m e w T Co-5Tea 1. E+6- 1. E+0.- 1.E+2-
— N A QO b QO b
- — Y — Y "
G . ) Co-58 1. E+6- 1. E+0.- 1.E+1-
(r 3 /3 ) (l’ 3 /3 )
H-3 1. E+9 1. E+2 1.E+6 Co-58m« 1.E+7« 1.E+4- 1. E+4.-
Be 7 e e T-Ers Co-60. 1. E+5. 1.E-1- 1.E+1-
c-14a 1. E+7 1.E+O 1. E+a
1S 1. E+6 1. E41 1 E+1 Co-601m«~ 1. E+6- 1. E+3« 1. E+3~
Na-=22 1-BE+6 1-21 1-BE+1 Co-61- 1. E+6- 1. E+2. 1. E+2.
Na-24a 1. E+S 1.E+O 1. E+1
Co-621m« 1. E+5- 1. E+1+ 1. E+1-
Si-3 1L 1. E+6 1. E43 1. E+3
P32 1. E+5 1. E43 1. E+3 MNi-59.- 1. E+8« 1.E+2.- 1. E+4.-
s B8 1B 1-Ers Ni-63- 1.E+8- 1.E+2- 1.E+5-
s 35 1. E+8 1. Ea42 1. E+5
P 1. E+6 1.E40 1. E+a ™Ni-65- 1. E+6- 1.E+1+~ 1.E+1-
ci1-38 1.E+5 1.E+1 1.E+1 Cu-64. 1.E+6. 1. E+2. 1. E+2.-
K-40 1. E+6 1. E+1 1. E+2
Zn-65.- 1. E+6- 1.E-1- 1.E+1-
K-4a2 1. E+6 1. Ea42 1. E+2
K-a3 1. E+6 1. E4+1 1. E+1 n-69.- 1. E+6- 1.E+3- 1.E+4-
caas 1-Er7 1-Ex= 1-Era Zn-69m. 1.E+6- 1.E+1- 1.E+2-
Cax4a47 1. E+6 1. E-+1 1. E+1
o d
Scae 1. E+6 1.1 1. E+1 (B /1 a L{
-_— - 3= ke
sSca7z 1.E+6 1. E42 1.E+2 —~FUE BEWMESAH SHMEN  BF
Scas 1. E+5 1 .E+O 1. E+1 '%'—F ;Il ’i}fhz%*“
v-as 1E+S 1.E+O 1. E+1 - o
» L <1
Ccr-51 1. E+7 1. Ea42 1. E+3 P
MnN-51 1. E+5 1. E+1 1. E+1 “
MN-52 1 E+5S 1.E+O 1. E+1 ?(‘ tP‘J
MN-52m 1. E+5 1. E+1 1. E+1 i o 1L T RLLTHE - -
Mn-53 1. E+9 1. E42 1.E+a (’a'p M EZ—NE I BEZFTE.
Mn-54 1. E+6 1.1 1. E+1 MR s tb; 5 FER1E - -
Mn-56 1.E+5 1.E+1 1.E+1 n AAeAEfE3 Edl

)
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1. Konrad A 'OA N Q |

) ‘A Konrad repository(  "H YA @ "OA "Q(LILW) H A
\‘(u 4 $OAfF Q e@ (BGE)A , avVw , Q 4 (WAQ)
550 B HE WA Y 5@ W ir 2B Y Brennecker 2014 ):-
1.0 Jn"QA U A® Yal
2.0y b AN A®Y 91 Y100 bgcm2y |
3. Qp BA € 2Nk Y12 barsy |
4. LILWu t 6 (APG b(APGl) | &€ Ny (APG2)E vy (APG3) Vv (APG4) ¥
. A (APG5) Qy (APG6) Q]
5. 2&E) & uYHEuy QNn +QL
6. QN 5 B n %
7. && Qn &)
801 &0 ub QL
9. w & o WY DNYW 2339235y 239Pu ¥ A Yat 01 Y9Ch®

OMA HO50e3 AYal

10. Q A A 5m & <= 80GC Y QN H ' =
w L
11" P & PL oA guéyY 3H 14CH 129l ARerHAYa ™
h A OMA O w&¢ AY  40TA oY O N Q4| A 1%
. ulYa A P o ‘Ed e It
12. Yat »fX @& DNYW BeryliumH +F yA| YV ¥yY uDN
K A B 2. AN}

13.+ A&M TQBp /] p enue |

(VTT Technical Research Centre of Finland Ltd ,
Acceptance Criteria and requirements for the Konrad repository 2018)
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R T aff , . aA | DOE EPA + VITRO G
u K K aAOAR "QQNL OA fj QE & 1]
i K A i K E ¢ t (Ax (4)° J/BAEADNY
(B) - ASTM £6987 y 1<B €]
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To i MO OA DA Sy 4 iy Yy bk Ay 4RV “edy
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Enwvirocare's Clive

(B. Rogers, K. Loveland Envirocare of Utah, Inc. ENVIROCARE OF UTAH: EXPANDING WASTE ACCEPTANCE
CRITERIA TO PROVIDE LOW-LEVEL AND MIXED WASTE DISPOSAL OPTIONS , 2003)
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1. Greifswald(VVER N "OA A Q 3
Plant Greifswald site v o QN
18,00,000 Mg ‘ §
t1>a 3o| ®f,Yafl QN

Category |
Ca. 1.235.000 Mg

1>a 3 o) ®K >pggQN
t>a 30! @+ib¢HnY

As radioactive waste
16000/565000 =3 %

( Energiewerke Nord GmbH (EWN) June 2011,
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KKGGrafenrheinfeld (PWR)

Total mass
PWR

330,900 Mg

Mass control
area

128,000 Mg

i

202,900 Mg

168,300

[_ 120,500 7,500 _I 16,600

Plant components
Mass mass to be
buildings dismantled
120,500 Mg 7,500 Mg 16,600 Mg 186,300 Mg

119,200 J— 1,300 6,525 975

-

—l [ N 3,300 13,300 i

d'smantled I'Esidl.lals fl'0m fI'DI'I'I dismal'lﬂil'lg rE'Sid uals fan‘I on non_dismanﬂed
buildings dismantling 975 Mg dismantling buildings
119,200 Mg 11,125 Mg I 13,300 Mg 186,300 Mg
875
Secondary
Additional 300 9,275 1,550 waste
masses ,
425 i 200 Mg
500 Mg Nuclear Clearance acc. DideOS;I_ as — I
= ragaliocactive
material cycle to §29 StrSchV e
300 Mg 9,700 Mg 2,800 Mg
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3.7 Vermont Yankee” N "OA 1 Q "

v [

Waste Class Waste Volume Mass
(cubic feet) (pounds)
Low-Level Radioactive Waste
(near-surface disposal) A 664,829 43,733,487
B 1,002 88,330
C 505 71,287
Greater than Class C
(geologic repository) GTCC 357 65,690
Total 1 666,693 43,958,794
u "~ 49CFR£73—178A YE. Q tzX A a Kb
= (LSA) Hoo‘1£) Q (S co l} A -"-l,] b ]
(i A a pL  tX aBa'— - Q A nNA
o 4 )\ . uDNE wu° L
Gt "ONHQNL NmW  Apd 1Q B |
U A "QN 3 Envirocar Utah L

(Vermont Yankee Post Shutdown Decommissioning Activities , Prepared by TLG Services 12/2/2014)




4. -2 NOAR, QK & w1
Waste Type Estimate for Selected European Maine Yankee - US Rancho Seco - US
(U.S. Classification) Plants (m’) (860 MWe-PWR) (m’) (913 MWe-PWR) (m’)
Very Low Level and
2,911 90,650 17,244
Low Level (Class A)_ < 1| - €>
Intermediate Level
(Class B and C) 2459 0 P
Greater Than
Intermediate Level 109 Not Available 11
(GTCC)
Total 5479 106,610 17,348
"— "0 » 0 'Q& 0 "Qé f 0 Qk»b
B n ko ko
OMKDdp VYD N MAE nOAAR Qe b -A A |

(Richard McGrath , Richard Reid ,WASTE MANAGEMENT FOR DECOMMISSIONING OF NUCLEAR
POWER PLANTS: AN EPRI DECOMMISSIONING PROGRAM REPORT, April 8-10,2014)
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N ®4-10 A fj FRn (BWR

A

Q

"H

e | s L EHMEE | FOHEE | BEMEE e 6 f (By/100 )

(B i B ) (mSv/h) (mSv/h) (mSv/h) u B
I | ALOL00 |—3tAkiustics 1725 0.00009 ~  0.018 0.0022 0.00009 <MDA(0.292) <MDA(0.311)~ 7.6
2| AL0200 |- B 39.83 0.0001 0.0055 | 0.00077 0.00007 MDA(0.292) | <MDA(0.311)~2.18
30| ALO300 |[—EAAMES 7383 000012 ~ 0013 0.0012 0.00012 MDA(0.292) <MDA(0.311)~ 0.5
4 | Al0400 (’;f;*im"w TORUSO85" 1o 00018~ 065 0.17 0.00009 MDA(0.292) <MDA(0.311) ~ 619
5| AL0S00 |—3EHR MEHEE 3983 0.0006 0.1 0.013 0.004 MDA(0.292) MDA(0.311)~91.8
6 | AL0600 |—3MA JE % B\ 6733 | 0.0016 22 0.066 0.004 MDA(0.292) MDA(0.311) ~ 76.2
7| ALOT00 |- AR EE R \95.00' 0.00 117 0.045 0.12 MDA(0.292) MDA(0.311) ~ 42.6
8 | Alosoo |~ saer 2] \looo 000049 < 12 w.m 0.004 MDA(0.292) MDA(0.311) ~ 222
9 | AL0900 |-#mR & EEf Y "H 0.06 0 W W W SHx <MDA(0.311) ~ 109
10 | ALI000 |—3MA#EE -083 0.0002 0.56 ( ' J] 703 | <MDA(0.311)~915
11 | ALLI00 |—seMiities 1733 0.00057 ~ 30 o] 50 _n n (mSv) <MDA(0.311) ~ 63.9
12 | ALL200 |—SMAsgs 39.83 000046 ~ 04 0.075 0.006 <MDA(0.292) | <MDA(0311)~92.7
13 | ALI300 |—$eMA# s 5683 0.0004 14 0.34 0.006 <MDA(0219) | <MDA(0.320)~42.7
14 | ALI400 |[—8H A EE 7883 0.0003 1.2 0.20 0.006 <MDA(0292) | <MDA(0314}~57.1
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1A - =xx 3.72 <5
ZA - =x 18.59 §61§
3A - =x 23 .47 r g
2A - =x 28 35 (93 - Operating Leve) ¢
B Rem/hr
* Reactor CTontalirment Building
Reactor Coolant Pump Bow) Contact ‘2-30("
RCS Piping, cold lteg TOonRCaC T L rae- o v v - I
Steam Generators General Area 0.05-0.4
Emergency Personne] Lock Insfide lLock Area 0. 00 -0D. 012
Floor Drains Contact . 1-0.6
Pressurizer Area General Area =0.2
rative Meat (xch‘.rr (=x) Contact I-15
Between Steamn Generator (SG6) General Area <=0.02S
Enclosure and Contaimment
Vessel (C¥) wald
Between RCS Pumps and S&'s General Area O.¥-0.
Between Upper Intermals Storage General Area g.02-0.1
and CV¥Y s=al
MNear CV wall General Aresa 0.005-0.02
Reactor Cavity, Inside Edge General Aresa 0.31-13 .
Stoem GSemgrators General Area <0.2 Q
- %
Compoment Cooling Water Pumps Genaral Area =<0.1S
Haste Tank Room General Area 0.2-0.5%
Treated Waste Montitor Tanks Caoantact 0.07-0.3
’img General Area C.05-D.15
Resin Storage Tamk General Arece >0.4
Volume Comtrol Tank General Area -3
Radwas te Evaporator Room General Area 0.25-0.5
Waste Evaporator Pame) General Area 0.007-0.00
Demineral {zers General Area o.0%" -0.2
HEPA Exhawust Filters Contact =>0.005
- Ffusl] Seilging
dMaste Hol Tank Rooms General Area -5
HWater Meat Exchamgers Seneral Area 0.07-0.14
Gas Strincz-ﬁ“ Pumps General Area >0.02S
Dr w1 ng General Aresa 0.2-1.5
Drussssing Roowm Entramce Genera)l Area o.2
CVCS monitor Tanks Comtact =0.3
Soric Actd Ev tor Rooss Gemeral Area 0.3-0.5
Spent Fuel Pool Pumsp Seneral Area =20_05
Spent Fuel Pool Skfmmer F1lters Gemeral Area = I 42
Control led Access Machine Shop Semeral Area 0.02-0.7
Spent Fuel Pit Semeral Arga 20.02s
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mbhH=Ya AN Additional information

(Ba/g)

0.10 Germany Specific activity limit regardless of type of emission
Applied to scrap metal originating from nuclear installations

1.00 C IM Ag g°nla

0.101 2.00 Specific activity limit for betai gamma emitters

0.10 Slovakia Specific activity limit for betai gamma emitters

0.10 Sweden Specific activity limit regardless of type of emission

Over and above the natural activity that occurs in
similar materials outside the nuclear installation (primarily
used for limiting the activity in materials that, having been
melted down, can be reused in new products)
Applied to radioactive substances originating from
application in nuclear energy production

5.00 Specific activity limit for betai gamma emitters (artificial
activity)
0.40 UK Specific activity limit regardless of type of emission

Total activity for solids, other than closed sources, that are
substantially insoluble in water

1.00 Belgium Specific activity limit for betai gamma emitters
10 taly Specific activity limit for betai gamma emitters
¢ USASYE zacH \nd Ya ¥

52
(© OECD2017 NEA No. 7310 ,Recycling and Reuse of Materials Arising from the Decommissioning of Nuclear Facilities )




w
SRR RN A Additional information
(Bg/cm2
0.37 Germany Averaged over 100 cm2 for fixed and removable
contamination and for each single item
Applied to scrap metal originating from nuclear installations
0.50 Applied to scrap metal and concrete originating from
nuclear installations
0.37 Slovakia Case by case decision on materials from decommissioning,
100% direct surface measurements
0.40 Finland Removable surface contamination over 0.1 m2 for
accessible surfaces Applied to radioactive substances
originating from application in nuclear energy production
0.40 Belgium Mean value for removable surface contamination over
300 cm2, for betai gamma emitters and alpha emitters with
% B . low radiotoxicity
0.83 USA o Wo ®NDIEN 1%C»Y, QoY N
100X CD Y/ @ o CO €p Ft 2.5Bg/cm2
1.00 Italy Case by case decision for a limited amount of material from
decommissioning
1.00 Canada Averaged over 100 cm2 for total contamination, 100% survey
of all surfaces
3.70 France Materials from decommissioning, 100% direct surface
measurements
4.00 Sweden Mean value for removable surface contamination over 100 m2,

with a maximum of 40 Bg/cm2 if the contaminated area does
not exceed 10 cm?2 o3
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Area Technology Remarks

Mono-material sorting Sorting criteria:
Steel types
Combustible, non-combustible
Activated, non-activated
Post-segmentation Targets of post-segmentation:
Removal of hazardous materials
Separation of plastic from metals
Disassembly of control cabinets, valve , etc.
Segmentation / Mechanical processes Sawing
Decontamination Milling
Grinding
Mechanical cutting
High-pressure water cutting
Abrasive blasting

Thermal processes Autogenous cutting
_ Plasma cutting _ _
Chemical Processes Electrochemical decontamination

Ultrasonic polishing (normally in combination
with electrochemical decontamination)
Volume Reduction
Compaction In-drum compaction (100-500 kN)
Low pressure compaction (500-5000 kN)
High force compaction (> 5000 kN) typically 20,000 kN
Metal melting Stationary systems
Conditioning
Solidification Embedding in cement matrix
Embedding Iin epoxy resin matrix
Grouting of bulk material
Packaging For interim storage (drums, boxes)
Waste package for final disposal (steel container,
concrete container, high integrity container, etc.)
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CARLA Plant Siempelkamp, Germany
STUPSVYIKelting Facility, Sweden

Waste Volume Reduction Facility( WVRBapan
Energy Solutionss Melting Facility, USA

INFANTE Plant, Marcoule , France

Science Ecology Group (SEG) Plant, Oak Ridge, USA
Capenhurst Melting Facility, United Kingdom
Manufacturing Science Corporation (MSC), USA
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3 3 (Technical Data):

-- Melting unitd 3.2 to MF induction-funace
-- Equipment with a 3-step filter unitin 2 line
-- Mechanical and thermal cutting facilities

Charging the funance

—
—

Pouring liquid iron to granules
J Bir-B- :

a QN1 1
(Acceptance Limities):

available --Specific total activity

-- Pre-decontamination by blasting

-- Melting and pouring to 1 ton metal block o
granules

-- Storage of metal blocks for decay

-- Release of metal for recycling or waste for

<1,000Bg/g
--For the nuclides H-3, C-14,
Fed 55, Ni-63,< 10,000Bq/g
in total

r to

disposal 60




Studsvik O /N1° DN A 2 Q.

Material Weight, Measured nuclide content, % of total activity
Category tonne

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

ceeeeeeeceeeceeeceeeeceeeeceeeeceeeeceeeeceeeeceeeeeeeeeeceeeeeeeeeeeeecece. .

CS and SS** 27 749 Co-60 Mn-54 Sb-125 Zn-65 Ag-110m Ru-106 Uranium Other Others
alpha

96% 1.1% 0.7% 05% 0.3% 0.3% 0.2% 0.1% 0.4%

Aluminium* 772 Co-60 Zn-65 Uranium Mn-54 Cs-137 Cr-51 Na-22 Sb-125 Others
62% 11% 6.4% 56% 46% 42% 1.4% 1.1% 2.8%

eeeeeceeeeceeeeceeeeeeceeeeeeceeceeeeeceeceeeeececeeeeeeceeeeeeceeeeeeeceeeeeeeeeeecee. .

Lead* 395 Sr-90 Ag-110m Cs-137 Co-60 Ag-108m Am-241 Pu-239 Sb-125
Others

52% 17/% 5.8% 5.5% 5.0% 39%% 1.3% 6.3%

Samples from all ingots are measured with gamma spectrometry, and

most of the ingots (by alpha spectrometry. depending on the origin) are
also analyzed

61




vie N OB A b 0o~ " o
Y 8B Bqg/g ¥y
Country 3H 14C 63Ni 60Co 137Cs 90Sr 235U 241Am 239Pu
Belgium 100 0.1 1 1 1 0.1 0.1
Finland 10 10 10 1 1 1 0.1 0.1 0.1
Germany 1000 80 300 0.1 0.5 1 0.5 0.05 0.1
Japan 100 1 100 0.1 0.1 1 o 10 0.1
Netherlands 106 104 105 1 10 100 10 1 1
Spain 100 10 100 0.1 1 1 1 0.1 0.1
Sweden ( 0.5 Bqg/g for beta/gamma emitters) 0.1 Bg/g for U-emitters)
For ingots:1000 100 10 000 1 1 10 1 1 1
UK 04 04 0.4 0.4 0.4 0.4 04 04 0.4.
USA (a )
Y 100 1 100 0.1 0.1 1 1 0.1 0.1
1. WN'H Wb =) 0.1Bg/g) .
nmé X Cs137

2.6 11

GCe

M

Qb =Y T(F 3 /3 )

| AEA PROCEEDGS SERIES, CONTROL AND MANAGEMENT OF RADIOACTIVE
MATERIAL INADVERTENTLY INCORPORATED INTO SCRAP METAL, FEB. 2009
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REF.: NPP Caorso, Italy




MECHANICAL DECONTAMINATION
UNITSA by brushing and

grinding until their contamination is

below the limits for free release

P HADE peocess (Phosphoric Acid
Decontamination) has been especially
for the decontamination of steel scrap.
Scrap treated will be free released and
conventionally recycled .

The sorting stations can be equipped

with the shredding of material as well as

the in-drum compaction.

Super-Compactors have a capacity up

to 20,000 kN for the volume reduction of
solid waste

PHADEC TREATMENT MAIN RESULTS

o ( ) » LY QOYY’

M "H203 60 Yafo A
Juy RW B3 Y . €28
/ YXI kb

B ;
NPP GundremmingenGermany
NPP Grafenrheinfeld, Germany
NPP Beznau, Switzerland
Ignalina, Lithuania

NPP Caorso, Italy
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1. Radioactive waste management b Treatment/conditioning process of the radioactive waste
2. The Waste Management Facility doDesign, optimization, equipment, operation

3. Waste minimization techniques 4. Storage and Disposal of RW
5. Waste Acceptance Criteria for the disposal of radioactive waste
6. NPP radiological characterization 7. Waste Characterization a6

8. Characterization of material for clearance: Final site survey for site release
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The decontamination facility establishment for metal scraps at INER

-

mechanical blasting

chemical/electrochemical 0%9%7 m

24*5.5*6 m
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Helmet or hood air-line fed
respirator with an inner bi

Hi-visibility shoulder cape,
jacket or protective suit

s §
Interlocking doors

Blasting chambers

This Code of Practice on how to
manage the risks associated with
abrasive blasting is an approved code
of practice under section 274 of the
Work Health and Safety (WHS) Act.

Decontamination |


https://www.safeworkaustralia.gov.au/doc/model-work-health-and-safety-act
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1). b W3  (Manual Techniques)
2). A A 2 (High Pressure Water Washing )
3).Adx (Scabbling)
4). £ 9 (Needle Scaling)
5)." &™ < 9 (Concrete Shaving)
1m,pXx°n DB E® &8 P

73




yiE @A ¥ a At tah y Hzi G A y|3
6flFadAyd k 62§
f ki WELE RYA 0Sa
AOSE (SOKYAI dSh

------
------

Milling cutter
scabblers floor shaver Allows single pass for

thick (several cm) layer
removal

grinding



v <« (Floor Shaver)

Floor Shaver(v < )
mounted on Brokk 250for Mk ®
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Shielding blocks b Reception table

Reinforcing iron rods




